Capitation models have been suggested as an alternative to funding methods based on historical utilization patterns. Capitation funding distributes resources to regions or programs according to their population, adjusted for the age and gender composition and relative need. The most commonly used relative needs measure is the Standardized Mortality Ratio SMR. This paper compares the distribution of resources in Ontario implied by a v ariety of capitation formula. Another aspect of this research is to design a mechanism that translates the SMR into a funding allocation index. We specify a non linear model to capture the relationship between current expenditures and the SMR while controlling for historical utilization factors. In contrast to previous work which has assumed a linear relationship between expenditures and need, our estimates suggest that the relationship may actually be highly non linear. This non-linearity increases transfers to regions of relative need relative to a linear capitation program.
I. Introduction
For publicly funded health care systems, rising costs and concerns about inequitable access have mounted public pressure to move t o ward`fairer' health care funding systems. Although there has been much debate on what constitutes a`fairer' system, capitation funding models are appealing to many people as an alternative to systems that allocate funds based on historical utilization patterns. The appeal of capitation models emanates from their attempt to re ect equitably the relative health care needs of di erent communities. More speci cally, capitation models attempt to distribute resources across regions in direct proportion to their age and gender adjusted population size and other factors that might re ect relative need. 1 Although these models have some intrinsic appeal, very little methodological research has been done on how to implement these models. Indeed little is known about the sensitivity of capitation models to changes in the key parameters that make up the relative needs indices.
In this paper, we compare the funding allocations under a variety of previously suggested and newly proposed capitation models for Ontario. In particular, we contrast funding allocations under per capita funding, age and gender adjusted transfers, and various needs based adjusted funding mechanisms. Another contribution of this research i s to develop a methodology for estimating the dollar value of relative need for each region by controlling for historical utilization factors in current expenditures while simultaneously respecting the balanced budget condition. All needs based capitation models that we are aware of arbitrarily parameterize the needs based components in the capitation funding model. For example, the capitation model employed in the United Kingdom uses the square root of the Standardized Mortality Ratio SMR and Birch and Eyles 1991 and Eyles, Birch, Chambers, Hurley, and Hutchinson 1991 advocate a straight SMR as a measure of relative need. In contrast, by isolating the relative needs component in current expenditures, we attempt to estimate the functional relationship for the SMR to enter the funding formula. Carr-Hill et al 1993 , Raftery 1993 , Sheldon et al 1993 , and Smith et al 1993 also attempt to disentangle the relationship between relative needs as re ected in the SMR and current expenditures. However these papers restrict this relationship to be linear.
Since Canadian health care is publicly funded, portable across provinces, and fairly comprehensive in its coverage, Ontario data provide an opportunity to construct needs based health care budgets using the capitation methodology. Since most health care services are publicly funded, there are no direct nancial costs which guarantees access although of course good access involves low non-nancial barriers as well. This implies that part of current expenditures at the regional level are more likely to re ect health care need than is the case under a more privately funded system. In a private health care system, the distribution of services depends heavily on the ability t o p a y for services. We attempt to isolate the needs based components of current expenditures by controlling for historical utilization factors. Finally, although some pilot projects have been discussed and adopted on a small scale, Ontario has not implemented capitation funding on a wide scale. All of these factors suggest that Ontario is an excellent c hoice for this kind of study.
There are two principal ndings with respect to capitation funding for the province of Ontario. First, we demonstrate the sensitivity of capitation funding allocations to model speci cation and the correspondingly large monetary transfers that can result from funding mechanism choice. Second, in contrast to previous work that has assumed a linear relation for the needs index, estimates obtained for Ontario data suggest the relationship is non linear with much higher transfers to regions of relative need.
This study only considers capitation funding models in the context of a comprehensive universal publicly funded health care system under a xed given budget. Many issues like risk selection as discussed for example in Newhouse 1996 may be less prevalent i n an environment where insurance and health care provision are guaranteed. If capitation funding were to be applied by private insurers e.g. a HMO or on an income and age related basis Medicare and Medicaid, many of these more strategic considerations would become important issues. Some of these issues in capitation funding have been discussed in Keeler, Carter, and Newhouse 1998 , Dwyer et al 1995 , and Mataganis and Glennerster 1994 . We also do not consider the across program allocations within regions, and in this way, w e abstract from many e ciency issues to focus solely on issues of rst round regional allocative`fairness'.
The paper is organized as follows. Section 2 provides a descriptive background outlining capitation funding and the most commonly used needs index, the Standard Mortality Ratio. Section 3 develops the more formal side of capitation and discusses an estimation approach for constructing a new capitation model. Section 4 details the data available for constructing capitation funding models and evaluates their quality. Section 5 summarizes core results for regional funding under needs based funding using the Standardized Mortality Ratio SMR as a proxy for need. Section 6 considers the implications for the distribution of health care funding when health status measures are used in place of the SMR to re ect need. Section 7 concludes.
II. Capitation Funding and Standardized Mortality Ratios
The objective of capitation funding models for jurisdictions with publicly funded health care is to distribute the health budget among regions in a way that re ects the relative needs of the regions' population as opposed to their institutions or numbers of physicians. 2 This focus suggests the simplest capitation model which distributes funds to health regions is on a per capita basis. This method, however, su ers from many short comings. Perhaps, the most obvious failing of this approach is its inability to account for di ering health care requirements across age groups. For example, a region with a disproportionately elderly population will require more health care resources than a similar region with a relatively younger population. Generally, capitation models use age and gender adjusted populations rather than raw population counts in order to distribute more resources to regions with relatively more people in high need groups.
In practice, capitation models adjust for many factors beyond age and gender since there is wide spread agreement among those advocating capitation that age and gender alone cannot adequately account for di ering relative health care needs. In an ideal world, these`need' adjustments would be made using prospective measures. Since such measures do not exist, capitation funding models must rely on retrospective indicators. Health status measures are often cited as appropriate measures of relative need. However, these measures cannot themselves be used in an on going funding system due to data inavailability and potential manipulation by i n terested parties. To illustrate the manipulability of these measures, consider a funding system that re allocated funds toward regions where people claimed to be sicker than average. In such a system, every region would have an incentive to misreport their relative health. Nevertheless, a good measure of need should not only guard against manipulation, but also be highly correlated with health status.
One commonly used proxy for relative health care need is the Standardized Mortality Ratio SMR. The SMR is a single index number which compares the mortality experience of a given region's population to the experience of a reference or base population. Since a capitation model operates under a balanced xed budget, the allocation formula is constructed to address relative, rather than absolute need. Everything else being equal, regions with greater relative health care requirements re ected by higher SMRs are therefore allocated relatively more resources.
Although reliance on the SMR to adjust for regional needs has been criticized, it is nevertheless widely used. 3 The SMR is attractive because it is easily calculated, uses readily available data, and is di cult to manipulate. However, it has been argued that the SMR is sometimes a poor proxy for morbidity, since it is biased towards deaths in older age groups.
While there is an established literature looking at the relationship between SMRs, socio economic factors, and health status Hay 1988; Carstairs and Morris 1989a-c; Mays and Chinn 1989; Morris and Carstairs 1991; Birch, Eyles, and Newbold 1995; and Bedard, Dorland, Gregory, and Rosenberg 1999, there are few published studies that consider the appropriate functional form for a funding relationship. For instance, if a region has a higher than average mortality rate, say 10 higher than average, exactly how many additional resources should be redistributed to this region, and given a balanced budget requirement, which regions should these funds be taken from? There are many ways to incorporate SMRs into a capitation funding model so that regions with relatively high SMRs receive more funds and still maintain a balanced budget. However, formulas that incorporate di erent SMR measures will imply di erent resource redistributions.
Although this issue has been virtually overlooked in the academic literature, it is fundamental to applications of capitation funding. For example, the United Kingdom capitation model initially used a simple linear SMR function in an attempt to distribute funding to regions with greater health care needs. However, practical considerations suggested that this resulted in too large a redistribution of funds, and therefore, the formula was modi ed to include the square root of the SMR in order to limit the re allocation funds Snaith 1978; and Raftery 1993. Although such ad hoc reparameterizations succeed in limiting the transfer of funds to high mortality areas, they are di cult to justify and are inadequate for long run needs based planning.
It is important t o k eep in mind, however, that cross border ows across counties might persist and mitigate the redistribution of services. Under the historical utilization system, funds are paid directly to service providers. This means that Toronto and several other large medical centers receive a larger proportion of funds, controlling for popula-tion, because they provide a disproportionately large number of services. Under a relative needs based funding scheme, resources might initially be given to regions, but some regions might c hoose to refer patients requiring certain types of procedures to existing large medical centers. The actual redistribution of services will, therefore, depend on the present distribution of service recipients, and the subsequent decisions made by regional health authorities to encourage inter regional referrals or to develop regionally based services. Of course, one cannot easily predict these`second round' expenditures, and this paper studies only the` rst round' budget from a capitation funding model.
III. Constructing Needs Based Capitation Models
The most basic capitation funding model is per capita funding. Under such a s c heme, each county simply receives a share of the total budget that is directly proportional to its relative population size. Region r's r = 1 ; :::; R budget B PC r w ould then be given by
1 where B is the provincial budget assumed xed. Since the shares sum to one, the funding scheme preserves a balanced budget. An alternative capitation scheme would allocate funds based on age gender adjusted population. Under an age and gender capitation funding model, a county's budget is determined by the number of individuals it has in each group and the provincial weight given for that group. More speci cally, an age gender adjustment w eights the distribution of funds by the relative expenditures for the province on health care programs for each age gender group. Health care programs include payments to hospitals, physicians, long term care and so on. One advantage of this approach is that it takes the distribution of di erent population groups across counties into account. An age gender adjustment is especially important if the age gender pro les di er substantially across counties. Not surprisingly, c hildren under the age of 5, women during child bearing years, and senior citizens require substantially more health care resources. 4 The distribution of these age groups across counties will therefore be particularly important.
The age gender adjusted budget is allocated across counties as follows. In jurisdictions where capitation funding has been adopted, arguments have been made that age gender adjustments alone are not adequate to re ect the distribution of need across counties. 6 Typically, therefore, adjustments are made for relative need using other measures, the most common of which is the Standardized Mortality Ratio SMR. 4 See Table A2 for a breakdown of expenditures on hospitals and physicians by age gender group. 5 There is an interesting asymmetry in the capitation argument. To construct the B AG r we need to calculate e gi , the average expenditure for a speci ed age gender group obtained from the sum of the same category across programs, e p gi . These calculations use historical utilization data. A v alid question is, why are the current funds going to various age gender categories`fair' and could it not be the case that historical utilization patterns have o ver or under funded certain groups? We know of no strong argument against this view but would posit that advocates of capitation funding would suggest that the inequities within age gender categories are small compared to the regional allocation disparities under historical utilization. While this issue is undoubtedly interesting, it is beyond the scope of the present study and we leave it as a topic for future research.
A SMR compares the age gender speci c mortality rates for a given region to those of a base reference population. More precisely, the SMR r compares the number of actual deaths that occur in region r to the number of deaths that would be expected if region r experienced the same age gender speci c death rates as the base population. 7 where the death rate, d rgi , is de ned as the number of deaths in a speci c region gender age group divided by the population of the speci ed group. The pop rgi term refers to all individuals of gender g in age group i in region r. The SMR divides the RRMR r by the mean RRMR r in order to standardize the index. As a result, the average SMR is 1. Regions with below a verage mortality rates have SMRs below 1, and those high mortality regions have SMRs above 1 . Since the SMR is often considered to be biased toward deaths in older populations, it is usually truncated using death rates of the population under the age of 65 or 75 for example, see Carstairs and Morris 1989a-c. It is generally believed that using a truncated population produces an index which more adequately proxies health care need. Since the arguments in favor of one de nition over another are not especially compelling, we consider the distributions resulting under each of these age cut o s.
The simplest needs adjusted model uses a linear SMR adjustment that distributes the xed budget B; across regions according to age gender composition and relative need The share allocated to region r depends on population, age gender composition, and relative need SMR. Notice that if SMR r = 1 for all r age gender speci c mortality rates are identical across regions then the regional budget is simply B AG r : 8 We i n vestigate regional redistributions relative to age-gender adjusted capitation for linear, square, and square root formulations of 3.
The primary concern with the needs based funding scheme described by equation 3 is that there is no justi cation for this functional form. To our knowledge, all previous work has made ad hoc assumptions about the relationship between SMRs and resource need linearity has usually been assumed, and there has been no attempt to estimate the appropriate relationship. We outline an approach that we hope makes some progress on this issue. Our goal is to allow the data to determine the functional relationship between need and the SMR by controlling for the historical utilization factors in current expenditures. This approach can also incorporate the need for centralization, program exclusion, and cost di erences within a capitation framework.
Let E r denote current historical expenditures in region r such that B = P r E r = P r B N r given out xed resource constraint. At this stage, it is important to distinguish between current historical expenditures in a region from the needs based budget that will be allocated to that region. We further assume that the current expenditures E r is an additively separable function of the budget based on need B N r and a component due to historical utilization patterns hu r , The manner in which the SMRenters equation 4 is determined by . F or example, if = 1 the relation is linear and if = 2 the SMR enters quadratically. I n tuitively, a high value of would result in larger transfers to regions with poor mortality experiences. Our approach is to estimate consistently by taking into account those factors determining the unobservable component hu r that captures historical utilization patterns. Relatively high values of hu r indicate a resource allocation in excess of what is warranted to meet relative need. We assume that historical utilization, hu r , is an additive function of a vector of supply side variables X r and an error term r , which is orthogonal to elements in B N r and X r , hu r = X r + r : 5
In this study, X r includes the numberof physicians and specialists 9 working in region r and a constant. 10 Other supply side variables such as hospital beds, X-ray machines, clinics, laboratories, and so on could be included if such data were available. The non linear estimating equation is given by E r = B N r + X r + r : 6
The approach is to estimate the needs based budget for region r by controlling for historical utilization factors inherent in the current historical expenditure. Our ability t o isolate the needs based component depends critically on these supply side variables. Indeed if one did not include X r in 6, one would expect a`low' estimate. This downward bias in the estimate re ects the fact that resources currently ow to regions with many hospitals and doctors and not necessarily to regions where relative need is greatest. 9 To clarify,`physician' refers to general practitioners and`specialist' refers to physician specialists. 10 We also ran all regressions including squared and cubed terms for physician and specialist counts. The regression results are not sensitive to the speci cation, so we report the simple formulation in equation 5.
If B N r and X r are uncorrelated with v r , the parameters of regression 6 can be consistently estimated using non linear least squares. One might question the exogeneity of B N r since higher current expenditures can be expected to lower current mortality so that B N r is correlated with the error v r . T o i n vestigate this issue, we estimate 6 by non linear least squares NLS and non linear instrumental variables IV. For the IV estimation, lagged SMRs 1987 and 1988 and the square of the number of general practitioners and specialists are instruments. The lagged SMRs are highly correlated to current SMRs and yet there should be less reverse causation from current expenditures. We also test for the inconsistency of NLS estimation due to the possible endogeneity of the SMR. We calculate the non linear variant of the Durbin-Wu-Hausman DWH statistic see Davidson and MacKinnon, 1993 . The null hypothesis of this test is the NLS estimates are consistent.
The other source of potential inconsistency is due to the correlation of the supply-side variables X and the error in 6. Suppose physicians' location decisions are based on the size of the current regional health care budget, then there is feedback that would bias the NLS estimates. Moreover, it would be very di cult to nd suitable variables to serve a s instruments. In this case, very little could be identi ed, since all the relevant v ariables are jointly determined. Therefore, at this stage, we simply highlight this issue and say that the consistency of our estimates of 6 are conditional on the exogeneity assumption of X. However, in an implementation of our approach, we advise a careful consideration as to which supply-side variables be included.
IV. Data Issues for Needs-Based Funding
All data are for Ontario during the late 1980s and the early 1990s and are aggregated to the health district level which essentially correspond to counties, with the exception of the Metropolitan Toronto area which is amalgamated into a single region. For convenience, we therefore refer to the resulting 37 regions as counties which are de ned in Appendix A. 11 Regional health districts are arti cial constructs since there is no sense in which a health district currently serves only the needs of its population. Current expenditures at the health district level measures the expenditure in a particular region and not the residence of those who bene t from that expenditure. We w ould expect some cross border activity as people from one region use facilities, or visit health care providers in another region. What capitation models do is to reallocate the funds in relation to the needs of the reference population. The question as to how or where these funds are spent i s n o t addressed. One could easily imagine situations in which a region that received additional funds under capitation would turn around and purchase health services from the very region that`lost' money. Moreover, once these capitation redistributions occur, regions could specialize in certain kinds of care and purchase other services from other regions. Capitation is concerned only with the gross ows of funds to a region.
Therefore, if we w ere to compare present funding at a district level to another allocation under some capitation model, we w ould be measuring slightly di erent things. Accordingly, w e restrict attention to comparisons among the allocations implied by di erent capitation regimes.
A capitation funding model that adjusts for di erences in relative need across both age gender groups and regions requires a considerable amount of data. This includes data on health care expenditures, mortality, population, physician densities, and institutional locations. In particular, we require expenditure data for all major health care programs by region and estimated expenditures by age gender group. County populations are broken down by gender and age. We generally use 5 year groups; however, we are forced to aggregate to 10 year age groups in some cases this is indicated where relevant. The SMR calculations require population and mortality data by region, age and gender. Finally, data on physician and specialist densities and institutional locations are needed to control for supply side factors. The following sub sections brie y describe the data used in this study and comment on its quality. A full description of all data and sources be can found in Appendix A.
Since one objective in this exercise is to extract the relationship between the SMR and need explained by current expenditures, we use both expenditure data and SMRs that have been averaged over our four year period. In doing this, we hope to smooth out any transitory uctuations and to more accurately establish a relationship that could be used in funding allocations. Table A2 in Appendix A. This table includes the average annual expenditures between 1989 90 and 1992 93 as well as the percentage of spending allocated to the Ontario Health Insurance Plan OHIP, hospitals, the Ontario Drug Bene t Plan ODB, long term care, and the residual spending on programs that are not included on our major programs list.
The data required to obtain age gender adjusted expenditures come directly from OHIP, ODB, the Hospital Division of the Ontario Ministry of Health, and the long term care expenditures reported in Ontario Health Expenditures: Analysis of Expenditures by Major Programs, Counties, and Health Districts. 13 The OHIP data are average age gender annual expenditures estimated by the OHIP division of the Ontario Ministry of Health. The ODB data are age gender average annual expenditures for elderly people and people residing in long term care facilities. However, a portion of ODB expenditures are used by people on welfare. Since we did not have an age gender breakdown for this portion 12 98 of the Ministry of Health's total expenditures are distributed into geographic areas on the basis of identi able programs as de ned in the Public Accounts of Ontario. 13 We thank the Ontario Ministry of Health for providing this data.
of ODB expenditures, we allocated it on a per capita basis. This should not signi cantly alter the allocation due to the small share of expenditures that welfare cases represent. Hospital expenditures were proxied by using annual average resource weighted hospital cases broken down by age gender category. Long term care expenditures were allocated on a per capita basis for people over the age of 65. 14 Expenditures on these major programs constitute approximately 88 of total program spending. The remaining 12 of the health budget, for which w e lack age gender speci c spending estimates, is allocated on a per capita basis. 15 Refer to Appendix A for a detailed description of the variables used to calculate age gender adjusted expenditures.
Relative Need Measures
The SMR calculation requires population and mortality data by age, gender, and county. W e use mortality data from 1989 93 and population counts for 1991. All data are standardized to the Ontario county de nitions and are further broken into ve y ear age groups by gender there are 28 age gender groups. 16 It would, of course, be preferable to use annual population gures, but these are unavailable.
In addition to the SMR, we wish to compare funding allocations under several more direct measures of health status. The health status measures we use include self-assessed health status, the health utility index HUI3, general satisfaction with one's health, general freedom from pain, and the ability to see and remember. All indices are constructed using Ontario Health Survey data. A complete description of all health status variables is presented in Appendix A.
Supply Side Variables
Our intention is to measure relative need in a funding formula by controlling for supply-side historical factors such a s p h ysician densities and pre-existing institutional locations. Regional physician counts for specialists and general practitioners are from two publications Physician Manpower in Ontario 1989 and Physicians in Ontario 1992 and 1993. Since there is no source published or otherwise for physician data in 1990 and 1991, we linearly interpolate between 1989 and 1992. Given that physician counts tend to rise or fall slowly, this procedure is probably not too far o . Table A2 lists the average number of general practitioners and specialists between 1989 and 1993 by county.
V. County Budgets under Needs Based Funding
In all budgetary comparisons, we use the age-gender adjusted allocation as our benchmark case. Column 1 in Table 1 presents the county funding levels implied by the agegender adjusted capitation equation 2. The di erence between per capita funding and age gender adjusted funding is that the latter takes the relative costs associated with each age gender group into account. Table A2 lists the total population, as well as the percentage of the population under age 5, over age 64 and female between 15 and 44. Population counts are presented for these groups because they are relatively heavy health care users. For example, in 1991 the average per person expenditures on OHIP and hospitals were $530 and $739 respectively. But, these averages are dominated by expenditures on the elderly. In 1991, Ontario spent $2753 on hospital costs and $1024 on payments to OHIP for the average senior citizen aged greater than 64. 17 Excluding senior citizens, the average per capita expenditures were $464 for OHIP and $470 on hospitals, with the average child under the age of ve requiring $404 and $722 for OHIP and hospitals and women between the ages of 15 and 44 requiring an average of $607 and $528. While the proportion of women of child bearing age and children under age 5 is fairly constant across counties, the percent of the population made up of senior citizens di ers substantially. Individuals over the age of 64 constitute less than 7 of the population in Peel and York Regions as opposed to approximately 16.5 of the population of Haliburton, Huron, and Muskoka. Given the relative health care expenditures on the elderly, and their uneven distribution across the province, it is not surprising that moving from a straight per capita resource distribution to an age gender adjusted distribution would impact regions with disproportionately elderly populations.
Column 2 in Table 1 reports the percent c hange implied by m o ving from an age gender adjusted allocation to a straight per capita allocation equation 1. It is easy to see that straight capitation implies a substantial redistribution from the allocation under the age gender adjustment. For example, Muskoka's allocation under per capita would be -12.32 relative to an age gender adjusted distribution. On the other hand, Peel's allocation would increase +18.9 when straight per capitation is used instead of the age gender adjustment.
Column 3 in Table 1 presents the percent c hange in county level funding that would result under a simple linear SMR adjustment equation 3. Although the resulting funding allocations are somewhat similar to the per capita and age gender adjusted allocations, there are some important di erences. First, many northern, or at least less urban, counties with high death rates SMRs by county are listed in Table A4 would receive more funding under a linear SMR model than under either per capita funding or age gender adjusted funding. For instance, Cochrane, Kent, Northwestern, North Bay, Sudbury, and Timiskaming would all receive at least 20 greater funding increases under a simple linear SMR scheme than under a straight age gender adjustment. Second, non northern counties with large elderly populations especially over 74 receive fewer funds under the linear SMR methodology than under the age gender adjustment since the death rate of individuals over the age of 74 does not enter the SMR formula. This e ect is reinforced if the SMR was restricted to individuals under the age of 65. We return to this issue later in this section.
For comparative purposes, columns 4 and 5 presents the distribution of health care funds using the square root of the SMR and the squared SMR. That is, we replace SMR by SMR 1 2 and SMR 2 in equation 3, which preserves a balanced budget. Note that the allocations under the SMR 1 2 SMR 2 funding model are smaller higher for high mortality regions, but lower higher for low mortality regions. In this way, replacing the SMR with SMR 1 2 reduces the redistribution of funds to relatively high need areas and the use of SMR 2 increases the ow of funds to high need areas. Sudbury, with a SMR of 1.15 for an age 75 cut o SMR 75 , and Huron, with a SMR 75 of 0.86, o er a good comparison. The percentage change relative to age-gender capitation in the funds allocated to Sudbury are +21.27, +10.28, and +45.37 compared to -9.46, -4.71, and -18.96 for Huron under a straight SMR, a SMR 1 2 ; and a SMR 2 adjustment respectively. Table 2 presents the non linear least squares NLS and non linear instrumental variables IV regression results for equation 6 for the age 75 and 65 cut-o s. For the most part, the NLS and IV estimates are quite similar with some departures for the results based on the 65 cut-o . The hypothesis tests that the NLS estimates are consistent against an alternative of inconsistent due to the endogeneity SMR using the Durbin-WuHausman test labelled F 2; 30 for DWH are easily retained at conventional levels for both age cut-o s.
Since we h a ve only 37 observations, there is some concern about the nite sample properties of the NLS estimates and the DWH test statistic. Under the assumption of independently and identically distributed errors, we bootstrap 999 bootstrap replications from the NLS residuals for the case with the 75 age cut-o from Table 2 . This bootstrap also imposes the null hypothesis for the DWH test that the SMR is exogenous. In Figure  1 , we graph the kernel density estimates using a normal kernel for each of the coe cients in equation 6. Superimposed on these are the normal distributions obtained from the mean and standard deviation of the bootstrap simulation. The distributions of the NLS estimates appear to be quite`close' to normal and relatively precise. Also, the approximate p-value for the DWH test in Table 2 is 0.41 compared to the nominal value of 0:50. In light of these ndings, we concentrate only on the simpler non linear least squares estimates.
There are several regularities. First, the estimated coe cient is substantially greater than unity and statistically signi cant at conventional levels in all cases. Secondly, is much larger when SMR 75 is used than when SMR 65 is used. Thirdly, the estimated is much smaller when physician and specialist densities are excluded. In the absence of these control variables, the estimated is 1.61 when the age cut o is 75 and 1.35 when the age cut o is 65. This clearly illustrates the importance of conditioning on the supply side variables.
The estimates from equation 6 give the total county level allocations. The percent change in health care allocations under this methodology compared to the age gender adjusted budget are presented in Table 3 for both SMR 75 and SMR 65 . The allocations presented in Table 3 di er substantially from those presented in Table 1 . If the SMR is restricted to individuals under the age of 75, the redistribution of resources is more than 100 higher in some counties compared to a straight age gender adjustment. This may serve as a partial explanation why those favoring capitation funding advocate a needs based factor. Generally speaking, large northern counties would experience a substantial in ow of funds under a non linear SMR adjustment relative to either an age gender adjustment or a linear SMR adjustment, while the opposite would be true for less urban, but more southern counties.
While the patterns are similar when the SMR is restricted to individuals under the age of 65, the magnitude of redistribution is signi cantly diminished. For example, Metropolitan Toronto would experience a 13.59 decrease in funding with a SMR 75 allocation, compared to 0.35 increase using a SMR 65 :
VI. County Budgets with Alternative Health Status Measures
Following the literature, we consider some other measures that can be used as indicators of need. In particular, we consider both the self assessed health status index used by Birch, Eyles, and Newbold, 1995 and the Health Utility Index discussed in Feeny et al, 1996 and Furlong et al, 1998 as measures of health status. 18 For comparative purposes, we also consider several other health status measures contained in the Ontario Health Survey. These include general freedom from pain, satisfaction with one's health, the ability to remember, and the ability to see. 19 Although such measures could not be used in an on going index due to data inavailability and potential manipulation by i n terested parties, a`good' needs based measure should to be highly correlated with these health status measures. Table 4 presents the correlation between these health status indices and the SMR under both 75 and 65 year age cut o s. The correlation between the SMR and the health status indices ranges from about 0.2 to 0.6 in absolute value. 20 Importantly, the correlations with these health status measures are virtually una ected when SMR is used for any reasonable value of .
While health status measures could not themselves be used in a health care funding model on an on going basis, it is interesting to estimate the resource redistribution associated with replacing the SMR by morbidity based measures of need. 21 We present the percent c hange in funds allocated to counties under all previously mentioned health status measures in Table 5 . This table also presents the parameter estimates for and obtained from estimating equation 6 by NLS, using the health status measures in place of the SMR 75 :
Several things are apparent. First, the allocations depend heavily on which of these 18 The HUI measure contains information on health status that is weighted by information on preferences 19 Note that vision, cognition, and pain functional measures are components of the health utility index. 20 The correlation between health status measures varies somewhat more, ranging from 0.02 to 0.7. 21 Although most of these measures have never been suggested for use as indicators of need in capitation programs, these results underline again the importance of model speci cation and parameter choice. measures is used. For example, the change in funds allocated to York Region range from -50.96 using the general satisfaction with one's health index to +16.06 using the ability to remember index. In fact, the direction of the allocation change is the same under all health status indices for only two counties.Comparing the results presented in Tables 3 and  5 for Metropolitan Toronto highlights the sensitivity of regional funding to the selection of the need measure used in a capitation funding model. In contrast to the estimates presented in previous tables, Metropolitan Toronto would experience a large in ow o f funds if the self-reported health status or health satisfaction measure is used to measure relative need. These di erences are even more dramatic in some other counties.
VII. Discussion
Inevitably, m o ving from a historical utilization based health care funding system to a capitation based regional allocation system would entail some redistribution of funds. Surprising, and much more concerning, is our nding that relatively small capitation model speci cation and de nitional changes lead to large regional funding re allocations relative to other speci cation choices. The fact that there are large re allocations poses a non trivial problem for policymakers, since it makes choosing an`appropriate' or`fair' capitation system extremely di cult. While all discussion of changing funding systems is motivated by a concern for`fairness', it is unclear what system best achieves these objectives, and even more unclear which capitation model re ects a just allocation.
Our empirical ndings highlight the resource allocation di erences implied by p e r capita, age gender, linear SMR, and non linear SMR adjusted capitation funding, but provide very little guidance for selecting one model over another. In addition to model selection, policymakers must also choose the cut o for the SMR we considered 65 or 75 years, programs to be excluded from the capitation formula, and the time period over which the SMR is averaged. Each of these choices also has non trivial budgetary implications. Given the excessive sensitivity of re allocations to perturbations and the absence of a concrete justi cation for choosing a speci c form of capitation model, we conclude that much more quantitative analysis is required to justify their implementation for Ontario. Interestingly, more pilot projects of capitation have recently been announced for Ontario. Sheldon, T., Trevor, A., Smith, P., Borowitz, M., Martin, S., and R. 
A1.2. Age Gender Adjusted Expenditures
The data required to calculate age gender adjusted expenditures was acquired directly from OHIP, ODB, the Hospital Division of the Ontario Ministry of Health and Ontario Health Expenditures: Analysis of Expenditures by Major Programs, Counties, and Health Districts 1989 90 1992 93. The age groups provided were 0 4, 5 9, 10 14, 15 24, 25 34, 35 44, 45 54, 55 64, 65 74, and 75+. OHIP produces annual expenditure estimates by age gender group for physician payments. ODB also produces annual age gender group expenditure estimates, however, expenditures are targeted at two populations: people over the age of 65, and people on social assistance. The standard age gender adjustment w as undertaken for the rst group. Unfortunately, w e w ere unable to obtain age gender expenditure estimates for the proportion of ODB expenditures going to individuals on social assistance. We, therefore, allocated this portion of the budget on a per capita basis. Since ODB expenditures on social assistance recipients is small, this does not have a signi cant impact on any results presented in this paper. The Hospital Division produces annual estimates of resource weighted hospital cases by age gender group rw gi . The estimated resource weighted hospital cases can then be used to estimate hospital expenditures by age gender group in the following way: is the total health care expenditures allocated to hospitals for the province. Finally, since long term care including home care expenditures are primarily directed to people over the age of 65, we allocate total long term care expenditures on a per capita basis for that population sub group.
While Hospital and OHIP age gender estimates and Long Term Care data exist for each y ear from 1989 90 through 1992 93, ODB estimates are only available for 1991 92 and 1992 93. We, therefore, use the average for these two y ears to approximate the ODB data for 1989 90 and 1990 91.
A3. Health Status Measures
All health status measures, including self assessed health status, the health utility index, general freedom from pain, and the ability to see and remember, are from form 5 o f t h e Ontario Health Survey OHS. There were approximately 44,000 respondents to this portion of the OHS. Health status variables except for the health utility index are categorical, with good health or freedom from the speci ed a iction scoring 0 and reported poor health or the existence of the speci ed a iction scoring 1. The HUI3 is a score ranging from 0 to 1 where a low score indicates low utility. All variables are converted into relative indices using the same construction as the SMR calculation. A region with relatively low health status will thus have an index above 1 and a relatively healthy population will have an index below 1. The only exception is the HUI3 which m o ves in the opposite direction.
A3.1. Self Assessed H e alth Status
Self assessed health status, SAHS, is constructed by asking survey respondents to rate their health compared to people their age on a scale from 1 excellent to 5 poor.
The frequency of empty cells necessitates aggregation. We aggregate to two categories: 1 2 excellent very good and 3 5 good poor. The results are not sensitive to this de nition, we also ran all regressions de ning the groups as 1 3 and 4 5, and the di erences are always negligible. Since some age cells have v ery few observations, we use 10 year age categories instead of the 5 year age categories used in the SMR calculations. Our results are not sensitive to this de nition, all regression results are largely unchanged when 5 or 15 year age categories are used. Finally, there is no SAHS variable for people under 15 years of age, so children are excluded from this index.
A3.2. Ability to See M e asure
The ability to see measure, SEE, i s a y es 0 or no 1 response to the question: Are you usually able to see well enough to read ordinary newsprint without glasses or contact lenses?
A3.3. Ability to Remember Measure
The ability to remember measure, MEM, is a response of good 0 or less than good 1 to: How w ould you describe your usual ability to remember things? The four categories of answers provided to this question were collapsed into two. A person's ability to remember is de ned as good if they reported usually being able to remember and as less than good if they reported that they were somewhat forgetful, very forgetful, or unable to remember anything at all. Our results, for this measure, as well as the freedom from pain and health satisfaction measures, are not sensitive to our aggregation.
A3.4. Freedom from Pain Measure
The freedom from pain measure, PA I N , is de ned as pain free 0 if the person reported either no pain or discomfort or pain and discomfort that is restricted to few activities and less than pain free 1 if the person responded that pain and discomfort prevents some or all activities.
A3.5. Health Satisfaction
Personal satisfaction with health, SAT, is 0 if the person reported being somewhat or very satis ed with their health and 1 if they reported being not too satis ed or unsatis ed.
A3.6. Health Utilities Index
The Health Utilities Index HUI3 is a composite measure of eight health attributes: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain. These measures jointly identify 972,000 possible health states. The HUI3 then estimates and weighs health status outcomes in terms of preference measurements attained from a sample of 504 adults in Hamilton, Ontario. The HUI3 assigns an utility v alue of 1 to the highest health state for each component measure. The lower health states are correspondingly given estimated preference levels of less than 1. The HUI3 assigns a value to each health state which i s g i v en by 
